Introduction
The potential, therefore, exists to study more complex behaviours in which movement plays an 85 integral part. For example, spatial navigation in a naturalistic setting involves changes in head 86 direction and coordinated body movements. However, to fully leverage the wearability of OP-MEG 87 in such a real-world domain, one must be able to detect signal from brain structures upon which 88 behaviours like navigation depend, such as the hippocampus (Maguire et al., 2006) . This brain region 89
is located deep in the medial temporal lobe, and the distance from MEG sensors affects the 90 sensitivity with which hippocampal activity can be detected (Hillebrand and Barnes, 2002) . 91
However, simulations of hippocampal activation (Meyer et al., 2017a) 
OP-MEG 167
The OP-MEG acquisition system used here was identical to that reported in a previous OP-MEG 168 study which examined neocortical responses during language processing (Tierney et al., 2018) . A 169 description of the sensors has also been provided previously (Osborne et al., 2018; Shah and Wakai, 170 2013 ). In summary, 28 QuSpin (https://quspin.com/) OP-MEG sensors were available for use. 171
Additionally, motion tracking was performed using an OptiTrack V120 Duo infrared camera system 172 (https://optitrack.com/) in two of the three participants. For the two motion-tracked participants, 173 over the course of the experiment they shifted a median of 23 mm and 12 mm from their initial 174 starting point. The variability (median absolute deviation) of their position was estimated to be 6 175 mm and 7 mm respectively. Twenty-one sensors that were not transparent to interference from the 176
OptiTrak infra-red illumination were used. 177
178
The available OP-MEG sensors were attached to the scalp using individualised scanner-casts (Fig.  179   2A) . The scanner-casts were constructed from high bandwidth, low echo time T1-weighted MRI 180 images that allowed accurate reconstruction of the scalp surface (Tierney et al., 2018) . Once the 181 scalp surface was reconstructed, a scanner-cast with slots to house the sensors was 3D printed 182 (http://www.chalkstudios.co.uk/). As the scanner-cast was designed from an MRI image, the 183 positions of the sensors relative to the brain were known with a high degree of accuracy, facilitating 184 source reconstruction. A second array of four OP-MEG "reference" sensors were placed in a fixed 185 position directly behind the participant's head (~10cm) and were used to model the magnetic 186 interference in the room by regressing their signal from those of the head-mounted sensors. The 187 signal from the reference sensor array (measuring 3 orthogonal components of the Earth's field as 188 well as 3 spatial gradients) was used to set optimal currents in the field nulling coils to minimise the 189 residual Earth's magnetic field surrounding the participant's head (Holmes et al., 2018) . The field 190 nulling coils conferred motion robustness on the recordings and allowed the participants to perform 191 the experiment while unconstrained (Boto et al., 2018; Holmes et al., 2018) (Fig. 2B) . The dynamic 192 range of the system was set to +/-1.5 nT (although a larger dynamic range of +/-4.5nT could also 193 have been chosen) with a 0-135Hz bandwidth (3dB point) and the recording was digitised using a bit National Instruments digital acquisition system (http://www.ni.com/). The signal was sampled at 195 1200 Hz following application of an anti-aliasing hardware filter at 500Hz. The sensors were 196 positioned over inferior and superior occipital, temporal and frontal areas bilaterally (Fig. 2C) . To identify whether or not OP-MEG could detect the expected signal in the hippocampus, we applied 220 a scalar linearly-constrained, minimum-variance beamformer algorithm implemented in the DAiSS 221 toolbox for SPM (https://github.com/spm/DAiSS). The source orientation was set as the direction of 222 maximal power. We used the Nolte single shell forward model (Nolte, 2003) , implemented in 223 SPM12, using the inner-skull boundary derived from the individual T1-weighted MRI. The mapping 224 from sensor to source level (i.e. the beamformer weighting) was estimated using a single covariance 225 window covering the whole trial (0-3000ms for both scene imagination and counting tasks) in the 4-226 8 Hz frequency band (5th order bi-directional Butterworth filter). Using these weights, we generated 227 a statistical parametric map (F-statistic) of the power-change in the 4-8 Hz frequency band between 228 the 3000 ms scene imagination task period and the 3000 ms counting baseline period. For 229 comparison across participants, the statistical parametric map was transformed to Montreal 230 Neurological Institute (MNI) space using the nonlinear transformation estimated from the 231 registration of the native T1-weighted MRI to the MNI template sampled on a 3 mm grid. The 232 resulting images were smoothed using a 9 mm Gaussian kernel. In a follow-up analysis, we 233 performed T-contrasts between the two conditions for each participant to ascertain whether 234 observed changes represented an increase or decrease in power. We then sought to quantify the stability of the significant clusters observed in the OP-MEG 248 conjunction analysis through a bootstrapped analysis. For each participant, we resampled their 249 usable trials (with replacement) and generated a new beamformer image of the contrast of interest. 250
We repeated this procedure 100 times per participant. We randomly selected one of the 100 images 251 from each participant and repeated the conjunction analysis on these three images. This procedure 252 was performed 500 times. In each analysis, where a voxel was significant it was assigned a value of 253 one, otherwise it was coded as zero. This yielded 500 binary images of significant voxels, which were 254 summed into one composite image. The value of each voxel was then expressed as a percentage of 255 the total number of conjunctions, to give an indication of how consistently this voxel was significant 256 across bootstrapped analyses. 257 258
SQUID-MEG source localisation 259
The source reconstruction analysis pipeline was the same for SQUID-MEG as the OP-MEG 260 experiment except that analysis was performed in MNI space and coregistration was estimated from 261 the preauricular and nasion fiducials. 262 
Discussion

301
In this study, we deployed novel OP-MEG technology to measure brain activity during the 302 performance of a validated hippocampal-dependent task. We demonstrated that, even when 303 participants' movements were unconstrained, task-related modulation of theta power in the medial 304 temporal lobe was observable, with a peak in the anterior hippocampus. and, we would argue, preferable alternative to EEG for imaging the hippocampus, particularly in 405 moving participants. Moreover, given that SQUID-MEG cannot adapt to the size of a participant's 406 head, the placement of children in order to achieve optimal sensitivity is challenging because of their 407 smaller head size. While custom MEG systems exist for children (Roberts et 
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